A new description of conventional arc and spark spectra of ytterbium (neoytterbium, aldeberanium) has been completed in the wave-length range 2000 to 11 000 A. Wave-length measurements and intensity estimates are presented for 1,668 lines, 400 of which characterize neutral Yb atoms (Yb I spectrum), about 1,250 are due to singly ionized atoms (Yb ' II spectrum), and possibly a dozen belong to doubly ionized atoms (Yb III spectrum) . Some spectral regularities are given for neutral and for singly ionized atoms. The ground states of Yb, Yb+, and Yb++ atoms appear to be associated with the electron configurations, 4j'H6s 2 , 4J1 4 6s, and 4J14, respectively.
In 1878, Marignac [lJ 1 discovered in gadolonite a new earth which he named ytterbium (Yb). Nearly 30 years later Urbain [2J succeeded in splitting ytterbium into two components, which he named neoytterbium (Ny) and lutecium (Lu). The same separation was made mdependently (and probably somewhat earlier) by Auer [3J, who proposed the names aldeberanium (Ad) and cassiopeium (Cp). The common usa.ge now is to represent the elements having atomic numbers 70 and 71 by the symbols Yb and Lu, respectively, except in Austria and Germany where Ad and Cp are more generally used.
Owing to the difficulty of separating rare earths from one another, and to the complex nature of their spectra, descriptions of the latter have long been in a most unsatisfactory state. In our recent paper [4J on the arc and spark spectra of lutecium, we remarked that all available samples of lutecium were contaminated by ytterbium and thulium so that the spectra of the former could not be unambiguously determined without simultaneous comparison with ytterbium and thulium spectra. Thus our attempt to produce a complete and trustworthy description of lutecium spectra naturally led to the production of similar data for thulium and ytterbium. Improved descriptions of these spectra are essential not only for purposes of spectroscopic identification and analysis, but also for the term analyses and interpretation or spectral structures characteristic of different [Vol . 19 atoms and ions. In the present paper we make public our latest description of the conventional arc and spark spectra of ytterbium, including some preliminary details about spectral structures.
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The only spectroscopic tables published for ytterbium since the discovery of lutecium are the following [5] . Auer [3] first gave a list of 200 spark spectrum lines (2621.24 to 5897.56 A), but most of the wave lengths were borrowed from a table which Exner and Haschek had given for old ytterbium containin~ unrecognized lutecium. In 1910, Eder and Valenta [6] published 58 lines (5474.24 to 5788.87 A) observed in the arc spectrum and in 1911, reproduced spectrograms and gave tables of wave lengths [7] for the arc spectrum (169 lines 2615.48 to 6799.87 A) and for the spark spectrum (195 lines 2615.48 to 6799.87 A) . The most complete tables were published, in 1911, by Exner and Haschek, who list 905 lines (2320.95 to 6799.91 A) observed in the arc spectrum [8] and 795 lines (2224.58 to 6489.31 A) in the spark spectrum [9] . These tables contain a considerable number of lutecium and thulium lines, and many ytterbium lines are common to both, without positive indication as to whether they belong to neutral or to ionized atoms. In 1914, Blumenfeld and Urbain [10] measured the wave lengths of 499 lines (2309.6 to 3499.4 A) most of which were believed to represent ytterbium, although many were recognized as possible impurities. The latest extensive description of Yb spectra consists of 422 lines (2271.51 to 7699.49 A) observed in the arc spectrum by Eder [11] , neglecting more than 200 lines ascribed to impurities, principally Tm. The salts available for these early investigations of rare-earth spectra were so impure that great difficulty was experienced in sorting the lines and frequently the same lines were ascribed to two different elements. For example, [12] [13] , no further investigations of Yb spectra have been reported in the past 22 years.
II. EXPERIMENTS
Our first measurements of Yb spectra were made in 1929 when the investigation of Lu spectra was begun [4] . Samples of Lu and Yb oxides prepared by Auer, and obtained from Eder in 1919 when he discontinued his work in spectroscopy, were available. Although the chemical separation was far from complete, it was possible to make a fairly satisfactory assignment of lines to Lu and Yb by simultaneous comparison of arc and spark spectra. However, both salts contained some Tm as impurity which could not be completely identified without comparable data for Tm spectra. The first sample of Tm salt available for this purpose was generously supplied in 1933, by Professor B. S. Hopkins, University of Illinois, who also supplied a sample of Lu oxide and three samples of Yb oxide, one of which contained more Lu than Tm, another more Tm than Lu, and the third was entirely free from both Lu and Tm, but contained considerable lanthanum. This ytterbium material was purified by the electrolytic reduction method devised by L. F. Yntema [14] . Alkali (Li, Na, K) and alkaline-earth (Mg, Ca, Sr, Ba) impurities are usually present in mre-earth salts, but these have extremely simple spectra, which are easily identified. Miscellaneous impurities were detect ed by comparing our final wave-length list witb Kayser's Hauptlinien [12] and with a description of lanthanum spectra [15] .
The procedures employed to insure the correct assignment of spectral lines to their emitter, both as regards chemical element and stage of ionization, were the same as for the study of Lu spectra [4] , and the details regarding light sources, spectrographs, photographic plates, etc., given there need not be repeated here.
III. RESULTS
The measured wave lengths and estimated relative intensities of 1,668 Yb lines observed in arc and spark spectra are presented in table 1 . Eacb line in tbis table was observed on two or more spectrograms except a few with questioned intensities whicb were seen only on the strongest exposures. The brightest Yb lines were measured on eight or nine spectrograms, and many of them were measured a number of times on Lu and Tm spectrograms, where they appeared as impurities. The concordance of values from different spectrograms and the coincidence of wave lengths witb impurity lines indicates tbat the final results for most lines are correct within 0.01 A, but errors of 0.02 A or more may exist among faint lines. Hazy lines which ocr-ur so frequently in spark spectra are not only subject to larger accidental errors but may show some systematic error, since they are usually unsymmetriC'al. Otherwise, Yb lines appear to be sharp and free from hyperfine structure. No information on the isotopic constitution of Yb is available, but since hyperfine structures have been detected only for lines of rare earths witb odd atomic number, Yb (Z=70) may be assumed to be immune.
In 1915 Eder [11] publisbed 177 lines, which be suspected belonged to a new element, dencbium (De) . It now appears that. at least 110 of tbese lines are due to ytterbium, and many of the remainder are due to thulium. Intensity and Intensity 8nd character character Intensity 8nd character Spec· n ?
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The data of table 1 represent at least three different spectra, each characteristic of Yb in some form or another. About 400 lines belong to neutral Yb atoms (Yb I spectrum), approximately 1,250 characterize singly ionized atoms (Yb II spectrum), and possibly a dozen belong to doubly ionized atoms (Yb III spectrum). We found no evidence of band heads which could be assigned to a molecular spectrum of ytterbium compounds.
The successive atomic spectra are differentiated mainly on the basis of intensity comparisons of arc and spark spectra, but since the latter were not recorded beyond 7,000 A the lines of longer wave length from ionized atoms remain unobserved, or unrecognized if recorded in arc spectra. The Yb I spectrum is surprisingly simple, but may not be fully developed in the arc. It may possess more lines in the infrared but the available Yb material was too scarce and precious to permit long exposures required to photograph beyond 10,500 A. The Yb II spectrum is probably even more complex than is apparent because in addition to being undetermined beyond 7,000 A some lines are probably overlooked on account of being masked by silver lines or by the air spectrum.
Our assignment of lines to successive spectra agrees almost perfectly with King's [13] separation of ionization stages based upon a study of the electric-furnace spectra of Yb . This grouping of lines is further confirmed by the spectral-term analyses, insofar as they have been carried out.
Since no details concerning regularities in the spectra of ytterbium have heretofore been published, we present a preliminary report, as follows: Soon after making our first measurements and identifications of lines from neutral Yb atoms, in 1930, we found from repeated differences among wave numbers three energy levels with separations of 703.5 and 1718.4 cm-I • These were interpreted as (f4Sp )3PO,I,2 by Prof. H. N. Russell, who promptly identified two singlet levels (j 14 Sp)IPl and (j 14 S2)180, which account for the two lines of outstanding intensity and easy excitation in the Yb I spectrum. These terms and their combinations are displayed in table 2 where the term symbols and relative values appear on the margin and the wave lengths (intensities) and wave numbers of the observed combinations at intersections of lines and columns. Only the terms which can be interpreted with considerable certainty are given now, the remainder being reserved until the analysis is completed and confirmed by observations of Zeeman effects, which, up to the present time, have not been produced for Yb spectra. It appears certain that the normal state of neutral Yb atoms is described by (4f1 4 6s 2 )180 and that the most intense line of the Yb I spectrum is (4j 14 6s 2 )180-(4j 14 6s6p )IP1 with wave length 3,987.99 A. This spectrum closely resembles that of an alkaline earth. Indeed, the fact that Yb may be bivalent accounts for its separation by electrolytic reduction from other trivalent rare earths [14] .
Proceeding in a similar manner with Yb II lines the authors found several score of levels combining to produce some hundreds of lines, but it was impossible t o group the levels into terms and identify them. Two lines of extraordinary intensity featuring the Yb II spectrum were not included among our level combinations and Professor Russell suggested that they represent the transition (j l4 s )280-(f4p )2P 1.2' When thej shell is completely filled (f4) it contributes nothing to the spectrum and a single-valence electron will produce an alkali-like spectrum with (s)280 describing the normal state. However, the relatively great complexity of the Yb II spectrum indicates that most of the excited states must arise from electron configurations of types f3S2, f3 Sd, f 3 d 2 , f 3 sp, f 3Sd, which produce large families of spectral terms. This is probably the explanation of the numerous levels first discovered, but further attempts to interpret them and connect them with terms arising from configurations withf4 electrons will be postponed until Zeeman effects are available. No attempt has been made to analyze the Yb III spectrum, but it may be expected that the ground state of doubly ionized Yb atoms is described by (4jl4)lSO' The full shell of j-type electrons is likely to have high stability on account of which the funda.mentallines emitted by Yb++ ions will probably lie in the extreme ultraviolet. 
